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ABSTRACT

A workshop on Very Low Frequency (VLF) Ambient Noise sponsored by the High
Gain Initiative (HGI) Program and the ASW Environmental Acoustics Support (AEAS)
Program was held at the Stennis Space Center on 20-21 September 1988. The workshop was
hosted by the Naval Ocean Research and Development Activity (NORDA). The unclassified
presentations made at the workshop are presented here; classified presentations can be found
in a companion document. The purpose of the workshop was to assess existing ambient noise
measurements and to determine the feasibility of reprocessing some of these data for
application to HGI objectives.
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20-21 September 1988

/ Naval Ocean Research and Development Activity
Stennis Space Center, MS 39529-5004

L. INTRODUCTION

A significant number of measurements of acoustic and ambient noise environmental data
have been made over the past 15 years. Unfortunately, the processing, analysis, and reporting of
these measurements have not been pursued at a commensurate level, It seems that there are always
more funds available for measurement than for analysis. Hence, it is reasonable to assume that
present data which have not received complete processing attention may contain some undiscovered
gems that ~ould be extremely valuable to a current program. Furthermore, these gems may be
"mined"” at relatively low lost compared to the cost of fielding an experiment to reacquire the data.
The key, of course, is to scrutinize the data very closely to determine if the potential for gems
existing in the data is high, the quality of the storage medium is adequate, and the necessary ancillary
information is available. This includes deployment logs, environmental measurements, and
descriptions of measurement conditions that include factors influencing the processing and analysis
of the data. An additional consideration, some corporate knowledge must still exist concerning the

data. These concerns were the motivating factors for conducting this VLF ambient noise workshop.
Y
4

There was an additional motivating factor for conducting this workshop. Such a workshop ,
presents an excellent opportunity to summarize the current state of knowledge of VLF ambient Voo u\
noise and any critical deficiencies, at least in so far as the HGI program is concerned. Hence, VLF ‘ /
ambient noise was reviewed in a focused way by inviting specific researchers to give presentations /

on particular topics and to tailor those presentations to the needs of the HGI program. The topics
were not limited to data alone, but included presentations on factors that influence the quality of
the data, such as system noise and flow noise, on acoustic propagation mechanisms that influence
the noise, noise source characteristics and distributions, and the processing of noise data by the
same algorithms that might be used to process signal data from a high gain array.

Due to the short time constraints for organizing and conducting this workshop, each speaker
was asked to prepare a viewgraph presentation on a particular topic and to provide the organizers
with an annotated hard copy of their viewgraphs. These viewgraphs are included in these
Proceedings. Two volumes, one unclassified and one classified, were compiled to facilitate ease
of distribution and handling.

Following this Introduction, a list of workshop participants can be found (Section II). Section
IN gives the agenda of the two day workshop, and Section IV contains viewgraphs which give a
summary of the workshop and recommendations for future efforts. Section V contains the annotated
hard copies of the viewgraphs from the presentations by the speakers. Unfortunately, not all of the
presentations were annotated by the authors.
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IOL. AGENDA

The presentations for this workshop covered several broad topics: Noise Field Mechanisms,
Modeling, System Noise, "Stationary" Horizontal Arrays, Towed Horizontal Arrays, Vertcal
Arrays, and Data Processing Proposals. Presentation summaries consisting of viewgraphs with
annotations (when available) can be found in Section V of this report or in a companion classified
report. The presentations were given in the following order:

HGI/AEAS VLF AMBIENT NOISE WORKSHOP
AGENDA

20 Sep 1988

0900 Opening Remarks: R. Wagstaff (NORDA)

0910 Welcome Address: Dr. E.R. Franchi

0920 Workshop Sponsors’ Comments: N. Booth (ONT)/AEAS Rep. (ONR)

NOISE FIELD MECHANISMS (J. Reese/NOSC)

0930 Influence of Noise Source Distributions and Propagation Mechanisms on Noise Field
Directionality: M. Bradley (PSI)/R. Wagstaff (NORDA)

1000 Distant Storm Noise: J. Wilson (WAR, Inc.)

1030 BREAK

1045 Shelf Shipping Noise: W. Hodgkiss (MPL)

1115 Noise Floor Mechanisms: R.D. Gaul/A. Wittenborn (BSC)

MODELING (J. Reese/NOSC)
1330 AEAS Noise Modeling Program - Directions/Needs: E. Chaika
1400 Noise Holes-Measured and Modeled: R. Heitmeyer (NRL)

SYSTEM NOISE (W. Hodgkiss’MPL)

1430 System/Self/Flow Noise: J. Gottwald (J/G Assoc.)

1500 BREAK

1515 VLF Self Noise Observed in SURTASS*: J. Reese (NOSC)

1545 Ambient/Pseudo/Self Noise >n VLA: P. Mikhalevsky/H. Freese (SAIC)
1615 ADJOURN

*  Viewgraphs are contained in a companion classified report.







21 Sep 1988
"STATIONARY" HORIZONTAL ARRAYS (S. Marshal/BBN)

0830 OMAT Beam Noise Data/Down Slope Conversion®*: P. Herstein/P. Koenigs/W. Carey
(NUSC)

0900 LBA Data: J. Codona* (BTL)

TOWED HORIZONTAL ARRAYS (S. Marshal/BBN)

0930 Towed Array Data Overview*: M. Bradley (PSI)/B. Palmer (NRL)/R. Wagstaff
(NORDA)

1000 LAMBDA 1I and III Results*: R. Wagstaff (NORDA)

1030 BREAK :
1045 VLF-MF, MFA and QRSS Data*: W. Carey (NUSC)

1115 APL/THU Measurements*: J. Lombardo (APL/JHU)

1145 SURTASS Noise Field Measurements: E. Holmstrom (COSP)/S. Kooney (NORDA)/
M. Bradley (PSI)

1215 LUNCH

VERTICAL ARRAYS (W. Carey/NUSC)

1330 VLA Measurements: W. Hodgkiss (MPL)

1400 Noise Model Filtering to Enhance Array Gain: T. Yang (NRL)
1430 BREAK

DATA PROCESSING PROPOSALS (R. Wagstaff/NORDA)

1445 Opportunides for Analysis of Previously Recorded Data: J. Shooter/S. Mitchell
(ARL/UT)

1500 Other Proposals?
1600 Adjourn Workshop

*  Viewgraphs are contained in a companion classified report.







IV. SUMMARY

As a result of this workshop, VLF ambient noise was reviewed in light of HGI Program
objectives. It is evident that the general principles governing ambient noise between 10 and 100
Hz are well understood. This understanding was used to develop criteria for future program efforts.
Toward this end, some existing data sets were determined as candidates for reprocessing tailored
to HGI investigations. The following set of viewgraphs summarizes the findings of the workshop.
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V. PRESENTATIONS

This section contains copies of the viewgraphs used for the presentations made at the VLF
Ambient Noise Workshop. Annotations to the viewgraphs are also provided when available. As
previously indicated, some viewgraphs are omitted from this report, and are contained in a
companion classified report.
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OPENING REMARKS

R. WAGSTAFF (NORDA)
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INFLUENCE OF NOISE SOURCE
DISTRIBUTIONS AND
PROPAGATION MECHANISMS ON
NOISE FIELD DIRECTIONALITY

M. BRADLEY (PSI) / R. WAGSTAFF (NORDA)
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VLF AMBIENT NOISE
Kibblewhite (1985)

SPECTRUM LEVEL — d8 re uPa?/Hz
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Measured CHURCH ANCHOR Data

This slide and the next show how noise directionality persists on shorter time scales. These
measurements differ by several hours but the patterns are much the same.
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T

DISTANT STORM NOISE

J. WILSON (WAR, INC.)
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PRESENTATION OUTLINE

Dr. James H. Wilson
WAR, Inc.

EMPIRICAL SEA SURFACE AMBIENT
NOISE MODEL RESULTS

- Storm noise model shows
that distant storm noise
can provide "noise floor" for long
horizontal arrays looking -
between ships '

AT- SEA MEASUREMENT CONCEPT

- Inexpensive, low risk method to
collect long time series data

- Beam data to be transmitted via
ARGOS

MEASUREMENT NEEDS FOR THEORIES

- Lack of supporting environmental
data 's a major problem in
current data sets
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STORM NOISE MODEL

e SOURCE LEVEL DENSITY

e SOURCE DIRECTIVITY PATTERN

¢ SOURCE SURFACE DISTRIBUTION

» TRANSMISSION LOSS MODEL
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SPECTRUM LEVEL (dB//uPa/Hz%)

O p——r—T— T T T .
o 10 20 30 40 50
MIND SPEED (KTS)  smammeiimmnm

12.5 Hz NOISE DATA MEASUREEAQI A SITE NEAR A MAJOR SHIPPING
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SPECTRUM LEVEL (dB//uPa/Hz%)

70—
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12.5 Hz NOLSE DATA MEASURED AT THREE SITES DISTANT FROM MAJOR

SHIPPING LANES
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MEAN AMBIENT NOISE
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ROCKING DIPOLE

» SEPARATION INTO PURE DIPOLE & MONOPOLE TERMS

R{@)= JO(2H)cosz(e\ T (1'—_J°(2'H‘) )/2

+

» DIPOLE ASSUMED TO ROCK BETWEEN zH°

¢ SURFACE MONOPOLE/DIPOLE TRANSMISSION LOSS
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MEASUREMENT CONCEPT

COLLECT AND TRANSMIT DATA FOR LONG
PERIODS OF TIME AT SEVERAL LOCATIONS

MINIMIZE EXPENSE

MINIMIZE RISK OF LOSING DATA DURING
AT-SEA RECOVERY
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MEASUREMENT ASSETS

WAVES AIR-SEA INTERACTION
DRIFTING(WASID) BUOY

.DEEP MOORED BUOY (DMB)

ARGOS DATA TRANSMISSION SYSTEM
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OCEAN SURFACE ENVIRONMENTAL PARAMETERS
THAT ARE FEASABLE TO MEASURE

o Wind speed vertical profile (3 different heights)

o Low frequency wave spectrum
o Barometric pressure

o Air and sea temperature

o Subsurface bubble density¥*
o Ocean Turbulence*

o High frequency wave spectra¥*
o Microseismic activity*

* System currently not capable of measuring
this parameter.
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P11 ELECTRONCS

ANTENNA

WATER 11041
coven
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CONCLUSIONS

» Currently, gpen ocean ambient noise measurements are pot
adequate to determine source level density function to validate
theories of ocean surface physical mechanisms.

« Ambient noise measurements can yield ocean surface sound
levels only after propagation effects have been removed from
the data.

« Some accepted (?) results from ambient noise analyses.
- spectra have three regions with similar slopes within each region

- wind speed dependence has at least two physical regions
(divided by ~ 10 knots)

171




172




SHELF SHIPPING NOISE

W. HODGKISS (MPL)

173




174




Shelf Shipping Noise

W. S. Hodgkiss

Marine Physical Laboratory
Scripps Institution of Oceanography
San Diego, CA 92152

HGI/AEAS VLF Ambient Noise
Workshop

September 20, 1988
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Figure 1. Ray trace for a 10 m source 5 km from
the edge of a 4° slope [1].
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* ASSUME UPPER 1000 m
(a) ~———~114 &m OF SLOPE — | e uhEL
WITHIN SOUND CHANNEL *

RAY ENTERS
CHANNEL AT NEAR
MORIZONTAL ANGLE

(b) 4 m

SOUND SPEED

SOUND

MORIZOMTAL CHAMNMNEL

RAYS

REGION WITHIN CHMANNEL
TASSUME 1000 m)

Figure 2. Conversion of high-angle raypaths to nearly hcrizontal
by reflection off a sloping bottom (2].
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Figure 3. Intensity field plots for sound propagaticn from a
shallow source over the continental slope to a Geep
ocean receiver [13).
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DEPTH (m)

1000 Ry |

2000
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2000

(b) i
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RANGE (km)

Figure 4. Propagation paths predicted by the numerical ray
model GRASS for 22-m-deep sources at ranges of
(a) 70 xm, (b) 110 km, and {c) 130 km for source
angles within $10° of the horizontal [14].
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Figure 5, Ambient noise vertical directionality.
32°N 124°W, wind speed 6 kts. Positive angles
. refer to dowrward looking beams [18].
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Figure 6. Deep-Water Vertical Arrival Structure [1].
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Fiqure 7. Proposed downslope conversion experiment area.
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NOISE FLOOR MECHANISMS

R.D. GAUL / A. WITTENBORN (BSC)
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Noise Floor Mechanisms

This brief reviews an ambient noise measurement exercise that occurred in the Northeast
Pacific in September and October 1975. A selection of about 20% of the acoustic data were analyzed
and results are given in a report by A.F. Wittenborn published by Tracor in April 1976. The report
has been declassified. Most of the viewgraphs in this presentation are taken or derived from that
report; all are unclassified.
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Bathymetry in the Vicinity Measurement Site

Ambient noise measurements were made for two weeks at the "TACODAC Site.” The location
is on an abyssal plain with a characteristic depth variability of about 200 fathoms within a range of
100 miles from the site. To the north is an east-west'range of scattered seamounts.
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Sound Speed Profile

The sound speed profile at the measurement site is devoid of irregular features. The base of
the sound channel (critical depth) is at 4,060 meters which is slightly more than 600 meters above

the ocean bottom.
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Hydrophone Locations as a Function of Depth

Single hydrophones were placed vertically in the depth range from 3,460 meters to 4,850
meters (10 meters above the ocean bottom). Data were analyzed from eight hydrophones, two of
which were above the critical depth.
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Ambient Noise Levels

Ambient noise levels at 50 Hz within the sound channel show little depth effect and average
about 75 dB. Near the ocean floor the levels range from about 50 dB at 5 knots wind speed to 60
dB at 15 knots. Itis apparent that a distant source rioise within the sound channel masks the locally
generated wind noise. The containment of distant source noise in the channel allows the wind noise
dependence to emerge at greater depths. However, the levels for 10 and 15 knot wind speeds likely
are contaminated because the curves are not vertical at the bottom.
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Sound Pressure Spectrum Level versus Frequency

The curves attributed mainly to Wenz are shown for reference. Note that the wind dependence
curves show a maximum between 100 Hz and 1,000 Hz.
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Suggested Revision of the "Wenz Curves”

A set of curves are given that merge the CHURCH OPAL results with the Wenz curves for
wind dependence. Levels below 40 dB at 10 Hz for up to 10 knot winds are inferred recognizing
the effect of distant source contamination below 100 Hz.
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Measured Spectra

The spectra obtained during passage of a freighter 100 miles away show the effect of distant
source masking in the sound channel. The 10-15 dB ambient noise reduction with depth makes the
ship signature stand out against the background.
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Two Examples of Processed Spectra

The example shows the changes in level and character of the spectrum when a freighter passed
overhead. The lower spectrum was typical of the period just before arrival of the ship.
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Estimated Source Level a Function of Frequency

The spectrum is the signature for a ship that passed within one mile of the ACODAC site.
The CHURCH OPAL database is a reservoir of single ship passages that can be fully documented
for signature characterization.
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AEAS NOISE MODELING PROGRAM -
DIRECTIONS / NEEDS

E. CHAIKA (ONR)
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Figure 2 shows an estimate of the shipping distribution (HITS) for the Northeast Pacific (top) and
the Mediterranean (bottom) along with a towed array measurement site in each area. Although the
spatial shipping distributions clearly indicate more shipping in the Mediterranean than in the
Northeast Pacific on a per unit area basis, the angular shipping distribution (mean number of ships
perdegree bearing relative to the site) for Northeast Pacific is greater than that for the Mediterranean.
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DETECTION PROBABILITY

(False alarm = 10 % ; constant signal level)
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SYSTEM / SELF / FLOW NOISE

J. GOTTWALD (J/ G ASSCC.)
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NOISE MECHANISMS

ELECTRONIC NOISE
MECHANICALLY INDUCED NOISE
TBL FLOW NOISE

AMBIENT NOISE
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SOME DEFINITIONS

ARRAY GAIN, AG

AG = TEN TIMES THE LOGARITHM TO THE BASE TEN OF
THE RATIO OF THE SIGNAL-TO-NOISE RATIO AT
THE ARRAY OQUTPUT TO THE SIGNAL-TO-NOISE
RATIO AT THE OUTPUT OF ONE ARRAY ELEMENT

IF: ALL ELEMENTS SENSE THE SAME SIGNAL FIELD, AND
THE SIGNAL FIELD IS PERFECTLY COHERENT, AND
ALL ELEMENTS SENSE THE SAME NOISE FIELD, AND
THE NOISE FIELD IS ISOTROPIC. AND
ALL ELEMENTS ARE SEPARATED BY AT LEAST ONEHALF
WAVELENGTH, AND
ALL ELEMENTS ARE GIVEN THE SAME WEIGHT,

THEN THE ARRAY GAIN REDUCES TO THE QUANTITY WHICH IS
CLASSICALLY REFERRED TO AS THE DIRECTIVITY INDEX, DI.

IF ANY OF THESE CONDITIONS IS VIOLATED. THEN THE ARRAY
GAIN CAN BE GREATER THAN, LESS THAN, OR POSSIBLY THE
SAME AS THE DIRECTIVITY INDEX. WITHOUT DETAILED
KNOWLEDGE OF THE SIGNAL AND NOISE FIELDS IT IS NOT
POSSIBLE TO ACCURATELY PREDICT THE ARRAY GAIN.

NOTE: BOTH THE SIGNAL AND THE NOISE FIELD
CHARACTERISTICS ARE REQUIRED - NOT JUST THE NOISE FIELD

285 G/J ASSOCIATES
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SOME DEFINITIONS

COHERENCE

THE MAGNITUDE SQUARED COHERENCE FUNCTION IS A REAL
VALUED QUANTITY DEFINED BY THE RATIO OF THE SQUARE
OF THE ABSOLUTE VALUE OF THE POWER CROSS SPECTRAL
DENSITY TO THE PRODUCT OF THE POWER SPECTRAL
DENSITY FUNCTIONS OF THE TWO PROCESSES AT EACH
FREQUENCY IN THE SPECTRUM.

THE NORMALIZED CROSSCORRELATION COEFFICIENT IS A
REAL VALUED QUANTITY DEFINED BY THE RATIO OF THE
CROSSCORRELATION FUNCTION TO THE SQUARE ROOT OF
THE PRODUCT OF THE AUTOCORRELATION FUNCTIONS OF
THE TWO PROCESSES AT ZERO TIME DELAY.

WHEN THE MAGNITUDE SQUARED COHERENCE FUNCTION IS
INTEGRATED OVER A BANDWIDTH EQUAL TO THAT USED TO
COMPUTE THE NORMALIZED CROSSCORRELATION COEFFICIENT,
THE SQUARE OF THE NORMALIZED CROSSCORRELATION

COEFFICIENT WILL EQUAL THE INTEGRATED MAGNITUDE SQUARED
COHERENCE FUNCTION.
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SOME DEFINITIONS

ARRAY

AN ARRAY, FOR THE PURPOSES OF COMPUTING ARRAY GAIN,
INCLUDES

0 THE ACOUSTIC SENSOR OUTPUTS AVAILABLE FOR
BEAMF ORMING

0 THE MECHANICAL STRUCTURE TO WHICH THE
ACOUSTIC SENSORS ARE ATTACHED OR IN WHICH
THEY ARE MOUNTED

0 THE ATTACHMENT OF THE ARRAY STRUCTURE TO A

SUPPORT STRUCTURE, TOW VESSEL OR THE OCEAN
BOTTCM

0 THE INTERACTION BETWEEN THE ARRAY STRUCTURE
AND THE ENVIRONMENT

HYDROPHONE GROUP

THE TERM HYDROPHONE GROUP REFERS TO N INTERCONNECTED
OMNIDIRECTIONAL ACOUSTIC SENSORS WHICH ACT AS ONE
ACOUSTIC SENSOR IN AN ARRAY
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140 -1
{177 Ma)
1309 (59 M)
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FREQUENCY (M)
EXAMPLE OF THE EFFECT OF 60 HERTZ NOISE
ON LOW FREQUENCY NOISE SPECTRA
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ELECTRONIC NOISE COHERENCE
60 HERTZ - COHERENCE = 1.0 WHEN ASSOCIATED WITH GROUNDING
PROBLEMS
0 < COH <1 WHEN ASSOCIATED WITH
LEAKAGE OR INDIVIDUAL CIRCUIT
PROBLEMS

DYNAMIC OVERLOAD - COHERENCE UNCHANGED OR DEGRADED DEPENDENT
ON CAUSE AND NOISE-TC-NOISE RATIO
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MECHANICALLY INDUCED NOISE

MECHANISMS
¢ HYDROPHONE ACCELERATION SENSIVITY(3D)
0 STRUCTURAL RADIATION
e TURBULENCE
’ ARRAY STRUCTURE
¢ TENSION INDUCED VIBRATIONS

DESCRIPTIVE TERMS
’ VORTEX SHEzDDING
l STRUM
§ TBL FLOW
¢ BULGE WAVES
L EXTENSIONAL WAVES
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HYDROPHONE ACCELERATION SENSITIVITY

WHEN STRUCTURAL VIBRATIONS MAY BE INDUCED IN AN ARRAY
THE SENSITIVITY OF THE INDIVIDUAL HYDROPHONES MUST BE
KNOWN IN THREE DIMENSIONS

THE INABILITY TO OR UNDESIRABILITY OF REDESIGNING A
HYDROPHONE TO REDUCE OR ELIMINATE THE ACCELERATION
SENSITIVITY IN A SPECIFIC DIRECTION MAY REQUIRE CHANGES
IN THE ARRAY STRUCTURAL DESIGN
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STRUCTURAL RADIATION
VORTEX SHEDDING CAN CAUSE STRUCTURAL VIBRATIONS WHICH
IN TURN GENERATE OBSERVABLE ACOUSTIC RADIATION
TOWED ARRAY SYSTEMS AND SHIP HULL MOUNTED ARRAY SYSTEMS

ARE PARTICULARLY SUSCEPTIBLE TO STRUCTURAL RADIATION
INDUCED BY VORTEX SHEDDING
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TURBULENCE
L NATURAL TURBULENCE CAN GENERATE PRESSURE GRADIENTS
ALONG AN ARRAY AT VERY LOW FREQUENCIES

¢ STRUCTURALLY INDUCED TURBULENCE WILL GENERATE PRESSURE
GRADIENTS JUST AS NATURAL TURBULENCE

¢ THE COHERENCE OF EITHER NATURAL OR INDUCED TURBULENCE
DEPENDS ON THE PROPAGATION VELOCITY OF THE TURBULENCE
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ARRAY STRUCTURE

UNEXPECTED ARRAY NOISE CAN BE GENERATED BY THE
CONSTRUCTION OF THE ARRAY

MATERIALS
CONFIGURATION
ENVIRONMENT

INSTALLATION
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TENSION INDUCED VIBRATIONS

. VORTEX SHEDDING

0 MECHANICAL VIBRATIONS OF ATTACHED MACHINERY
WAVE INDUCED FORCES

' WIND INDUCED FORCES
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The effects of "pops” observed aurally on the hydrophones of a towed array. The condition was
caused by the oil-deficient hose forcing the strength members to make random contact with the
hydrophones. The "pops” disappeared when fill-fluid was added to the arrav.
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MECHANICAL NOISE
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BEAM NUMBER

STRIP-CHART RECORDING OF NOISES ON ONE HYDROPHONE CHANNEL (4‘3) AND
THE EFFECTS ON THE BEAMFCRMED OUTPUT (4b). POWER AVERAGE (tor
dashed curve), MEDIAN (sclid curve), AND dB AVERAGE (bottom dashsid
curve)
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HYDROPHONE SEPARATION - 3.12 meters

COHERENCE
e
[
]
B

T \J .1.\.\«.\14 T
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HYDROMECHANICAL WAVE COHERENCE

COHERENCE OF BULGE AND EXTENSIONAL WAVES IN OIL FILLED ARRAY
STRUCTURES IS ESSENTIALLY UNITY WHEN IT IS THE DOMINATE
NOISE SOURCE.

LEVELS ARE DEPENDENT ON DRIVING FORCES AND THE DETAILS OF
THE ARRAY STRUCTURE

RUBBER-BOOTED, OIL FILLED HYDROPHONES CAN SUFFER FROM A FOR®.

OF HYDROMECHANICAL WAVE GENERATION WHICH CAN LIMIT THEIR LOW-
FREQUENCY DYNAMIC RANGE
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SOUND PUWER SPECTRUM LEVEL, dB//(ubar)d/nz
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FICURE 2 - POWER SPECTRAL DENSITY OF TURBULENT WALL
PRESSURE FLUCTUATIONS FOR SPEEDS OF 1, g,
$. 6 AND 10 KNOTS
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SOUND POWER SPECTRUM LEVEL, dB//(uber)/Hs
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FIGURE & -~ ESTIMATED TURBULENT BOUNDARY LAYER NOISE SPECTRA
FOR A PVC HOSED SEISMIC STREAMER AT SPEEDS OF 1, 3,

S, § AND 10 XNOTS
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Tracor Rydreasafics
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FICURE ¢ - WALL TURBULENT PRESSURE SPECTRAL DENSITY AS MEASURED
USING A ®POINT® HYDROPHONE IN THE WALL OF A TOWED
ARRAY HOSED WITM PVC AND AS MEASURED BY A SMALL
HYDROPHONE IN THE CENTER OF A HOSE OF DIAMETER

6.23 ca. TOW SPEED = § KNOTS
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FREQUENCY, Nz

FIGURE 7 - WALL TURBULENT PRESSURE SPECTRAL DENSITY AS MEASURED
USING A "POINT® HYDROPHONE IN THE WALL OF A TOWED
ARRAY HOSED WITH PVC, AS MEASURED BY A SMALL HYDRO-
PHONE IN THE CENTER OF A HOSE OF DIAMETER €.25 cm AND
AS MEASURED 8Y A CROUP OF SEVEN HYDROPHONES. TOW
SPEED = § KNOTS
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OCEAN AMBIENT NOISE

e Shipping Noise

® Wind Generated
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Tracor Hydronautics
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AMBIENT / PSEUDO / SELF NOISE ON VLA
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ANALYSIS OF SVLA EXPERIMENT DATA

H. FREESE
Y. LEE
P. MIKHALEVSKY

SAIC
MCLEAN, VA.

PRESENTED AT:
HGI/AEAS VLF AMBIENT NOISE WORKSHOP
NORDA, 20 SEPTEMBER 1988
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SVLA EXPERIMENT

DATA PROCESSING/BEAMFORMING
NOISE AND SIGNAL CHARACTERISTICS
ESTIMATES OF ARRAY GAIN

SUMMARY
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ENVIRONMENT

WIND SPEED NIL TO 25 KNOTS
EASTERLY CURRENTS OF 8 CM/SEC @ 100 METERS

ARRAY SEEMS TO BEHAVE AS A STICK WITH THE POSSIBLE
EXCEPTION OF TOP TWO SECTIONS.

ARRAY TILT OF UP TO A FEW DEGREES

ENVIRONMENT (SOUND SPEED) NOT UNUSUAL
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SOURCES OF NOISE

OWN SHIP (MACHINERY, WAVE SLAP)

FLOW INDUCED (STRUM, TURBULENCE)
MEASUREMENT SYSTEM (ELECTRONIC)

ARRAY MOTION (COUPLING TO SURFACE SHIP)

OTHER POINT SOURCES

SURFACE WAVES
SEISMIC MACTIVITY RADIATED FROM BOTTOM
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PARTITIONING OF NOISE ENERGY

OCEAN/MECHANICAL-ELECTRICAL
LOCAL/DISTANT

SHALLOW/DEEP
DISCRETE/CONTINUOUS

RESOVLEABLE/UNRESOLVEABLE
HOW IS NOISE ENERGY PARTITIONED AND WHAT ARE LEVELS?

HOW DOES THIS COMPARE TO SIGNAL ENERGY PARTIONING?

PROBLEM IS THE DETECTION OF M POINT TARGETS!
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GENERAL NOISE CHARACTERISTICS

WHEN VIEVED BY PLANE WAVE BEAMFORMER:
LEVEL AS A FUNCTION OF:
DEPTH - TIME
DEPTH - FREQUENCY

WAVENUMBER - FREQUENCY
i

STATISTICAL EIGENSTRUCTURE

WHEN VIEWED BY MATCHED FIELD BEAMFORMER:

LEVEL AS A FUNCTION OF:
RANGE - DEPTH - HORIZONTAL ANGLE

ACOUSTIC MODE STRUCTURE
LEVEL AS A FUNCTION OF MODE NUMBER
COAVARIANCE OF MODE AMPLITUDES
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ACOUDTIC
RECION

contour interval= 6. dB

WAVENUMBER - FREQLUENCY SpecThum
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Frequency - Depne Soeerrum

DEPTH H3C
385000s3. 2+
frequency= 0.
contour interval= 6. dB tape= 365.
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WAVENUMBER

contour interval= 6. dB

85S6000b. k £
frequency=
tape= 856.
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WARVENUMBER

i freauengss. 5
requency= 9.
contour interval= 3. dB tape= 3%.
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contour interval= 3, dB tape= 385.

WAVENUMBER
38505Uss. k+

1N ¥reaquency=

contour interval= 3. dB tape= 385.
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FREQUENCY

* ONLY BOTTOM TEN ARRAY SECTIONS

CURRRENT

16
21
27
41
56
81

ANALYSIS

ARRAY GEOMETRY

SPACING (WAVELENGTHS)

.4
.53

.68
1.03
1.40
2.00
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APERTURE (WAVELENGTHS)

7.6
10.0
12.8
19.5
26.6
38.5

(OUT OF 12) HAVE BEEN USED IN
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SUMMARY OF PRELIMINARY RESULTS

VLF NOISE
BELOW 15 HZ THE TOTAL NOISE 1S DOMINATED BY:

NONACOUSTIC NOISE (STRUM AND TURBULENCE)
ACOUSTIC NOISE FROM WAVE SLAP ON MOORING SHIP

MOST OF THIS NOISE (IF IT DOES NOT DRIVE FRONT END
ELECTRONICS 1INTO SATURATION) CAN BE REMOVED WITH
WAVENUMBER FREQUENCY FILTERING IF ARRAY IS

LARGE ENOUGH.

SURGES IN MOORING SHIP CAN COUPLE TO ARRAY

TRANSISTION REGION FROM HIGH ANGLE TO LOW ANGLE NOISE

AT ABOUT 30 HZ IN THIS EXPERIMENT, CONFORMS WITH CURRENT
NOTIONS ABOUT GENERATING MECHANISMS. THIS IS SUPPORTED
WITH A RANGE - DEPTH ANALYSIS AS WELL.

NO EVIDENCE OF DISCRETENESS, BUT ARRAY DOES NOT HAVE

ENOUGH D.O.F. TO ASSESS THIS ISSUE VERY WELL. THEREFORE
RESULT IS NOT SURPRISING.

ARRAY GAIN

ARRAY GAIN OF APPROXIMATELY 10*LOG(N) ACHIEVEABLE WITH
THIS ARRAY

REGION OF MINIMUM GAIN @ TRANSISTION FREQUENCY?

A FEW dB OF NOISE SUPRESSION APPEARS POSSIBLE WHEN ARRAY

IS FOCUSED ON TARGET. 6 4B APPEARS POSSIBLE AT LOW
FREQUENCIES BUT RESULTS ARE BIASED BY NON-ACOUSTIC
NOISE.
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SURTASS NOISE FIELD
MEASUREMENTS

E. HOLMSTROM (COSP) / S. KOONEY (NORDA) /
M. BRADLEY (PSI)
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PROCESSING SYSTEM

¢ DEDICATED SYSTEM (R-9 CONFIGURATION)

® CANSET ACCEPTANCE PARAMETERS FOR READING LEGS
e STORES UPTO 3800 LEGS OF DATA

¢ 10 FREQUENCIES OF INTEREST

® CAN SET ACCEPTANCE PARAMETERS FOR POLYGON
FORMATION

e OUTPUTS:

STATISTICS TABLE

BEAM LEVEL PLOT

RANK CORRELATION MATRIX
HORIZONTAL DIRECTIONALITY

ARRAY HEADING ROSE

AZIMUTHAL ANISOTROPIC CUMMULATIVE
DISTRIBUTION FUNCTION (AACDF)

o AUTOMATIC MODE AND MANUAL MODE CAPABILITY

489

i
1
i
i
i
]
i
i
i
] ¢ FORMSPOLYGONS OF 3.9 LEGS
i
1
1
I
i
i
]
i
i




e ———
Il Bl -l N =l & I - EE BN EE B B S BN EE I BN =

490




AIddd
AdDAYV
NVITIN

LOTd YAGINNN INVAL SA THATTISION ANVHd e
NVHd X WNVHd
XTI LVIA NOLLVIAYYOD INVI NVANIVEIS e

TAATT 4P AOVIATAV = DAV
TAATT JIMOd ADVITAYV = AdDAV

DAV - ddDAV AdIddd o

491

NOLLVIAAd AAVANVLS ‘AdALS e

SLONAOYd/SOLLSLLYLS ALI'TVNO VLVd
HSION WVHA HANVd




492




LOTd 4SO ONIAVHH AVIUV ®

LO1d ALI'TVNOILLDAIIA TV.INOZIJOH e

LO'1d (A@IVV) NOLLONNA NOLLONAId.LSId
AALLVINAND AJOYLOSINY TVHLONWIZV @

LOTd JHIINNN
INVAL SA (NVIGAN) TAATT ASION VA4 e

(AFALS) NOLLVIAZA AYVANVLS ==
(OAY) TIAAT TADIDAd ADVIIAAY =
(MAOAY) TIATT YAMOd ADVIIAYV =
STTILNADAA 06 ‘SL ‘0S ‘ST ‘01 =

(sweaq V) NOLLVINAV.L ASION NVId ®

493

dVIN ADVIFAODANS/HDVITAOD dSVA VLV @

SLIONdOAd
NOILLVZINALOVIVHD ALI'TVNOILLOJHIA dSION

HASION ANVHAT HANVAd

Llll




i

494

".S1€ 18 PaI2AUI 7T JO JOIIIS Y2Ieds & JOj 350y Fuipedi|
Aeuy Suipuodsauod pue 3501 ISION,, 10[d A1I[eUONDAIIP [RIUOZUIOY PI3Y) Istou JO Jqduiexd ue 51 Siy )




ol61 40 oLl 30 Suipray Aeaae ue 10§
ap 9°8 S! Ipispeosq 2 uied N/S XeW

L 1S It

495

1298 Y1828 Papeys uj adse)
Suypda)ap 10 3upeay fease
SASIIA DuBWI0)IXd
IPISPEOIQ 0) ANE|I

(gp) wIwdroaduny uped N — AOLIIAS HOUVHS

N

«w3SOU ONIAVIH AVHUV. (3dp/41P) ALI'TVNOLLOMUIA "TVANOZIYOH
AVIAURV dAMOLL d'rdiad ASION

R




e

496




SHTdINVXH

497

SLONAOYUd / SOLLSLLV.LS
ALI'TVNO VLVAd

e A ——



498




LO1d ASION NV 4
XIHLVIA NOILVTHHHOO
A1qdd

AdALS  INHTAOAdd
JOSSHO0Ud/AdV.L VLVA

LOId ASTON NVId
XIJLVI NOILLVTIYIO0D
J1ddd

AHALS  NOLLONNATVIA dHINHOANVAL

499

XIILVA NOILVIZYIO0D :SHFOTAAIS Y00d

A1ddd
AZALS  SINHISNVAL

SOLLSLLV.LS ALI'TVNO VLVd

Sh U ND R WA O UGN WS EE N U Oy UN N8 |
R




"BJEp 9510V W SSV.LANS Passaooid jo djdwexa ue si sy,

500




Ut | for == ™ [ oS /]
R || « - " LI
[} ;x I — - - e
r A
\ ]
t L]
1 t
1ot (SRR AN (VRN ]
Voo g T I 0
c ) ! ]
Sy
1 b [DEERD] -y
H Vs ol e [ ® ° 3 B2
v i - . .
1 ot joo 17 09 < T
i n
1 W
P
Vo i e ] 9
1 A . - . .
Py O N oM
[R>S | f-Fe = 0 O
- PE
) h
1 i
1 [} [T o (= o]
NR-] 1N - - .-
D) t > (=2l -
. ) g (L O O o
N { [}
i i
he g | ]
-— | ] X T
w [N - - .- .
ol [ |} - U W n o
r-t [ ] fre 1o -
s | [}
= | 1]
[TV ! ]
-l - | H o 2N QO
a It - . .
z - Ty I o/ Bl & <0
ITr I S R OO L
0 } ]
| "
-~
m P T R N O ™ W
1 = N - -
) oo SN e e . ¢ o - 4
-— ow ol [ (= I O
[N i =
< ! [}
| 1}
u ! I A AL oM
D [ IR || - t o
o z t /Rl NS
w — 14 i O D - N0
[ ) \ n
w 4 ] ]
~— (& ] \ ]
(] .l ! ] N Y
/] [ .~ st i
I o~ 1<l TR A DN
-l z g0 D oD
(&) [3- s 4 i ]
> W { it
v ] - T | (i}
' | I SN N [
F 30 VD~ oD
[ I || [N b
1 i D OIN - -
] [ -
\ fl
1O 8 MIDS NS
raQn . s - N
X ® DM (]
1= 0 MmN ¢ T
: :: mMm
1N MmN e o
P SN . & - s~
'\ T i u-)‘z’m [ ] [ ] [ ] [ ] [ ] < P
1=l R oo
' " - g
| 1]
{8 MmO « o
] o ] - . - .- .
=4 | MO Ao
' | - - nw
[} ]
' <4 |
| &n : Nm TZ
-
X =

501







HTdINVXH

503

ALI'TVNO VLVA ‘AdNVd




e
AR G E 2 T Sy e B B BN O A B A aE A Ey O e

‘(Wwonoq) g sawn [3A3] 1amod d3riaae ayl pue FeioAr (P Y UIIMIIQ DUIIJJIP I puk (I pPpiw)
19A3] uripaw (do1) [9A3] 1amod 3s10u wILAQ Y1 A 10]d ISIOU WEIG YI U SIAIND Y[, 10[d Is1ou wiedq
Suipuodsaniod pue JIBYIO YOI YIIM PARALIOD IR SWEAq [[7 A[783u Y SAENPUE XLIBW UONRIALOD SIY |,

504




HEADING 55

AVGPR
MEDIAN

TOP CURVES

.
-
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96

48
BEAM NUMBER
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(8P) 13A39

R B R R R S e I T P R TSP T
e e AT e et ap e S

COMPUTED OMN! LEVEL =-87.9
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Example of poor quality beam nolse data.
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VLA MEASUREMENTS

W. HODGKISS (MPL)
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VLA Measurements

W. S. Hodgkiss

Marine Physical Laboratory
Scripps Institution of Oceanography
San Diego, CA 92152

HGI/AEAS VLF Ambient Noise Workshop

September 21, 1988
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Low Frequency Array

Characteristics

10-200 Hz Frequency Region

200 Hydrophones {20 Sections with 10 Hydrophones/Section)
7.5 m Hydrophone Spacing (A\/2 at 100 Hz)

500 Hz Data Sampling Rate (12 Bits/Sample)

Additional Dynamic Range Provided by Programmable Gain Control
Over Each Section

12 kHz Navigation of Each Array Section
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Time Series Display of Acoustic Channels. A graphic display of the acoustic channels shows
an air gun source at a range of 300 miles as well as longitudinal and shear strum modes. The time record

displayed is 3.5 seconds. The array hydrophone depths
527

span 400 m to 1300 m.
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FIG. 11. Ambient noise spectra for five wind speeds st hydro-
phone depths pear the sound channel axgs.
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Mid-Frequency Data

o October 1985 (NORDA VEKA 48-element vertical array)
o 32°N, 124°W (Tape #85010, wind speed 6 kts)

e April/May 1986 (MPL 27-element vertical array)
e 32°N, 124°W (Tape #86060, wind speed 22 kts)
e 32°N, 136 "W (Tape #86247, wind speed 17 kts)

e 32°N, 150°W (Tape #36180, wind speed 10 kts)

539




540




021 0L 0! 051 091

0¢ ﬁll .0

spuejs] | ©xo
uejjemeH

v2os 08198

541

Oy

LA .0€} .ovl 051 .09}

DILLOf1ID)) 0} DMD]] Kioye1oqe7 eaishyg BuuEN

|
B >
e I




e

542




P

e T
MPL|

\

Marine Physical Laboratory

400

®
2
g 800
T
o
o
8%
0
1200
1480

SEA SURFACE FLIP

64 - ELEMENT
ARRAY

1490 1500
SOUND VELOCITY (meters / sec)

MPL-P2052(U)/RAPP 5/26/87

543

1510




544




545

Hos =1

G'1 = oyd|D) mopulm @  :uJB}0d woaq Aoddy gMIA

S, S B N I R N U B BN R S th = En B B EE e







| U GE O U O M 0N BE n U EE UE S aE e G oE &

¥
1]
¥
& .. .
-
I
£
. =4
= 3
"
3 [
@)
D
£
2
= +
&
¢ :
L
o
©
o
= =4
O
o S
D "
— = ¥
D
C
-
—J L ad
(AN q
= S
1
- L4

547




548




(414) hauonbia 4

ov
Y
@9 £
8
o0
Qre BULY)
osy oar st 0oC (14 [1,1%Y4 oSl ol s ']
t —+ {- } t —+- — { } {
- ev
- o 7
)
L [} i i {
L4 1 ] 1] ) ¥ 1 ] 1 1
(¢H) houanba.y ZCs |3VDY)
osy ooy 0se oot 0% 00l oSl 0ol s o o
<
{ + t +— { — t { —}— ! N
+ ov

T

r

L

<

1

[

; i

4
[~ S
< O

~J8"0¢

: | — F " . | _
(2H) Aouanbal 4 Ggle [8L0Y)
oSy ooV oSt 0oC 0% %14 aal 0al 05 0
“ ~ —t —+ - - “ b - ol
1 ov
¢
@9
2
og

le [awoy]

['@10Gg - wnujduds amDd




e ‘
l'l'lllllll"l-'lll

550




Povnr (dB)

Arroy Response - 85010 Bin #5902
f = 200 Hz, KB window (clpho = 1.5
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Power ()

A-roy Response - 86@6Q Bin #5490
f = 200 Hz, KB window (alpho = 1.5)
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Arroy Response - 86247 Bin #5490
[ = 200 Hz, KB window (olpho = 1.5)

Prver (D)
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Power ()

Arroy Response - 86188 Bin #5499
[ = 202 Hz, KB window (olpho = 1.5)
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NOISE MODAL FILTERING TO
ENHANCE ARRAY GAIN

T. YANG (NRL)
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OUTLINE

o LOW FREQUENCY AMBIENT NOISE IN THE ARCTIC

— SPATIAL CHARACTERISTICS

— MODAL REPRESENTATION

o EFFECTIVENESS OF MODE FILTERING IN THE ARCTIC

o EFFECTIVENESS OF MODE FILTERING IN THE PACIFIC
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SPATIAL CHARACTERISTICS OF LOW FREQUENCY
AMBIENT NOISE IN THE ARCTIC

o NOISE LEVEL VS DEPTH

o NOISE VERTICAL DIRECTIONALITY

o SPATIAL COHERENCE
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RELATIVE NOISE LEVEL (2dB/UNIT)

T T T T T T T
"..._/\ W ~ 140 Hz
P’W“ ~ 100 Hz
= -
—WM ~ 75 Hz
_\)\W—‘—: ~ 50 Hz
'W ~ 40 Hz
S e T e ke
‘W"‘*‘i——o——“ - 25 Mz
- -
-/W ~ 20 Hz
15 Hz
10 Hz
1000

DEPTH (m)

575




576




934
06- 09— 0c- 0 0€ 09 06
T T T 1 ! —100L-
- 100
E “00L @ 3
- -10°0C
L 1 | 1 L 1 0°0¢

Llllllull




]

578




— 0“ b
: Gz
h o P o
gt o)
e
5 5
5 Z
-d w
W =
% z
Z =
2 3o
o Za
: g
73 o
o 73
Z w
O Z
b o o)
a T
: : : : . @
povvyvoyepY¥ R 4
mwuazu«w&nnmmm i .
Oesxesaxcon® ; x
» . M ‘ w
" . ; i SN :
o' o0 *0 »0 20 00 o't 00 90 vo 20
JINFYIHOD WIILY3A JIN3Y3HOD TWANOZIYHOH

e




]

580




L
v
. .
N .
M .
: .
. .
H .
H .
.
H
.
.
.
.
.
H

essvssenvscsasnbon sss0ssesscsnne

LTI TY PYYTERY PR YY PT YT YOPPrer

seestesscssosesgeanse-tocss cssscsesnssnnes

AR LA T LTI LI I TR IY Y TR P Y T T Y Y P T oy

Y Y Ry Y YT Y P Y YT TPy Ty Y

.
.................... o
............

cssessscsrcscc O

.
-

sssasesnes sessessecsssnce
- eesvee

L R R e T T R Y Y T Y T P PR TY

581

Tfecarensccecacersnsvscones
vsfevccccssrrssencesssccncccocsnne

PHONE SPACING / WAVE-LENGTH (d/A)
PHONE SPACING / WAVE-LENGTH (d/A)

.
. .

A0 e s N 000000000000 rP00000000000002000:000000000000000000000200000 00 PNPCRRNNcIsertetensrtenacsrecsetssortban
.

: : :
: : oo SUTRUSTUUUN SO T e
: : : : :
i m : : ;
ONRNAS AR : : : :
es000pootsee H m . ”
oY+ XopEXOOND m :
: : :
: : : : . . .
H . . ' - r v -
0 . Y el ot 00 00 »o to . 00

0

JONIYIHOD TVIILY3A JIN3Y3IHOI TVLINOZIYOH

|Ill.l







A Medel Lor Nowe Colerance
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MODAL RETRESENTATION OF THE NOISE

OBESRVATION (R. KLEMMj;

IF NOISE IS UNCORRELATED IN THE MODE SPACE, THEN
THE SPATIAL COHERENCE IS A FUNCTION OF PHONE
SEPARATION, AND IS APPROXIMATLEY A FUNCION OF D/}

PROOF: k)= 2 Q, exp { ¢'(‘.Y*<P.ﬂ

~cd

B am)a ¢ etthe >

@)= T 0,0m exp{ (h-fa)r- hd| Gum

In general, the spatial correlation depends on the modal
phase differences (k, - k, Jr. Only for uncorrelated
modes, ie,

f*(l;h) =0 £ nxm

do we get

f(d)’: Z a:e’}' (".{nd)

he)
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INTERPRETATION

LOW (<140 Hz) FREQ. ARCTIC DATA INDICATED
THAT THE SPATIAL COHERENCE OF THE AMBIENT
NOISE CAN BE REPRESENTED APPROXIMATELY BY
A FUNCTION OF D/A . THIS RESULT SUGGESTS
THAT AMBIENT NOISE IS UNCORRELATED IN THE
MODE SPACE, (LE, THAT THE NOISE MODAL
COVARAIANCE MATRIX IS DIAGONAL).

IMPLICATIONS:

MODAL BEAMFORMING IS POTENTIALLY ROBUST FOR
LOW S/N RATIO SIGNAL DETECTION AND LOCALIZATION
IN A COLORED NOISE ENVIRONMENT WHERE THE NOISE
SOURCES ARE UNCORRELATED
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Dgrinvirions
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Woatr's

Stasring vector (asplice fiald)

e =02a, Qg = e""r#,-(r)
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CONCLUSIONS

o THE DOMINANT CONTRIBUTION OF ARRAY GAIN

COMES FROM MODES WHICH HAVE HIGH SIGNAL
CONTENT AND LOW NOISE CONTENT. IT IS
ESSENTIAL THAT THESE MODES ARE ACCURATELY
FILTERED IN ORDER TO ENHANCE ARRAY GAIN.

MODAL BEAMFORMING (MATCHED-MODE) ARRAY
GAIN IS OFTEN VERY CLOSE TO THE OPTIMUM
ARRAY GAIN FOR A LINEAR PROCESSOR IN A
COLORED NOISE ENVIRONMENT.

BEAMFORMING IN THE MODE SPACE (MODAL
BEAMFORMING IS ONE OF THEM) IS POTENTIALLY
ROBUST FO'LOW S/N DETECTION AND LOCALI-
ZATION, IF THE NOISE COVARAINCE MATRIX

IS DIAGONAL.
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OPPORTUNITIES FOR ANALYSIS OF
PREVIOUSLY RECORDED DATA

J. SHOOTER / S. MITCHELL (ARL:UT)
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The AEAS
VLF Data Base

Presentation
to
Ambient Noise HGI/AEAS Workshop
20-21 September 1988

Environmental Science Group

Applied Research Laboratories
University of Texas at Austin

623




G B W A N B A B ARty P S B NS BN B WS B W




--------qn--

ackground

Thirteen Years of Data Collection
and Analysis, 38 sites -- Archived at
ARL:UT

Most Analysis was Limited to 25 - 600 Hz
- Low Sponsor interest < 25 Hz
- Poor VLF SNR at Low Freq on

Standard Playback

Current Focuses
- Noise Vertical Directionality
- Spatial Coherence (BB)
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The Analysis of Recordings below 25 Hz

1. Acoustic Data are recorded and calibrated
down to 5 Hz

2. Reproduction is possible using Flux
responsive heads developed by
Teledyne/Geotech
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Magnetic Tape Playback

- Conventional Head Output is proportional
to Flux Rate ( tape speed )

- Flux Responsive Head Output is proportional
to Flux Level
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.Objectives

Similar to Objectives at Higher Frequencies

Characterization of Spectral Levels

1. Variability over
Ocean Region
Depth
Season
Weather

2. Directionality and Spatial Coherence
at 5 - 50 Hz

3. Compare VLF levels with LF,MF
Characterization of Noise Sources
- Source Level and Radiation Patterns

- Distant Wind, Storms, Microseisms

VLF FL Sensitivity to Geoacoustic
Parameters, Bottom/Sub-bottom
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Approach

« Obtain Flux responsive heads and
Playback Electronics

« Focus on Three Sites
- Parece Vela Basin 1977
- Irminger Basin 1982
- Cascadia Basin 1983

- Digitize and Process Selected Data
VLF band ( § - 50 Hz), 300 Hz

* Interpret and Analyze results based on
FNOC Hindcast, Local Weather, HITS,
Local Shipping, and careful Modelling

639




640




R;

V1. DISTRIBUTION LIST

Newell Booth

ONT

800 Quincy Street, Room 503
Arlington, VA 22217-5000

Marshall Bradley
PSI

115 Christian Lane
Slidell, LA 70458

J. Emnest Breeding, Jr.

NORDA

Code 245

Stennis Space Center, MS 39529

John Campbell

NORDA

Code 224

Stennis Space Center, MS 39529

William Carey
NUSC
New London, CT 06320

Edward Chaika

ONR Detachment

Building 1100

Stennis Space Center, MS 39529

Johanan L. Codona
AT&T Bell Labs
WH14B-419
Whippany, NJ 07981

J.P. Feuillet

SPAWAR

Space & Naval Warfare Command
Washington, DC 20375

Craig Fisher

NORDA

Code 245

Stennis Space Center, MS 39529

Dr. Edward Franchi

NORDA

Code 200

Stennis Space Center, MS 39529

Herb Freese

SAIC

1710 Goodridge Drive
McLean, VA 22102

R.D. Gaul

Blue Sea Corporation

14300 Comers:one Village Drive
Suite 317

Houston, TX 77014

T.G. Goldsberry

NORDA

Code 240

Stennis Space Center, MS 39529

J.T. Gottwald

G/J Associates

P.O. Box 3259

968 Yachtsman Way
Annapolis, MD 21403

Richard Heitmeyer
NRL

Code 512

Washington, DC 20375

W.S. Hodgkiss

Marine Physical Lab

Scripps Institute of Oceanography
San Diego, CA 92152

E.K. Holmstrom
COMOCEANSYSPAC

Box 1390

Pearl Harbor, HI 96860-7550

Stephanie Kooney

NORDA

Code 245

Stennis Space Center, MS 39529

K.W. Lackie
ONR/AEAS

Code 125

800 N. Quincy Street
Arlington, VA 22217

Yung P. Lee

SAIC

1710 Goodridge Drive
McLean, VA 22102




Joe Lombardo
JHU/APL
Laurel, MD 20707

Jack McDermid

NORDA

Code 211

Stennis Space Center, MS 39529

S.W. Marshall

BBN

1300 North 17th St.
Arlington, VA 22209

Peter Mikhalevsky
SAIC

1710 Goodridge Dr.
(MS T-3-5)
McLean, VA 22102

S.K. Mirchell

ARL:UT

Applied Research Labs
P.O. Box 8029

Austin, TX 78713

Joal J. Newcombe

NORDA

Code 245

Stennis Space Center, MS 39529

John Perkins

NRL

Code 5160

Washington, DC 20375-5000

Commanding Officer

Naval Ocean R&D Activity

Attn: Code 125P (1)

Stennis Space Center, MS 39529

William Renner
SAIC

1710 Goodridge Drive
McLean, VA 22102

J.W. Reese

NOSC

Code 715

San Diego, CA 92152

Jack Shooter
ARL:UT

P.O. Box 8029
Austin, TX 78713

R.A. Wagstaff

NORDA

Code 245

Stennis Space Center, MS 39529

James H. Wilson

WAR, Inc.

PRL, Inc.

6309 Carpinteria Avenue
Carpinteria, CA 93013

A.F. Wittenborn
Blue Sea Corporation
3405 Southill
Austn, TX 78703

T.C. Yang

NRL

4555 Overlook Avenue
Washington, DC 20375

Commanding Officer

Naval Ocean R&D Activity

Attn: Code 125L (16)

Stennis Space Center, MS 39529




\ v — o
i ¥
UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE I > . ./ .
e ————— — A A i

REPORT DOCUMENTATION PAGE

18 REPORT SECURITY CLASSIFICATION
Unclassified

1b. RESTRICTIVE MARKINGS
None

2a. SECURITY CLASSIFICATION AUTHORITY

P% DECLASSIFICATION/DOWNGRADING SCHEDULE

3. DISTRIBUTION/AVAILABILITY OF REPORT

Approved for public release;
distribution is unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S)

NORDA Technical Note 414

5. MONITORING ORGANIZATION REPORT NUMBER(S)
NORDA Technical Note 414

6. NAME OF PERFORMING ORGANIZATION

Naval Ocean Research and Development Activity

7a. NAME OF MONITORING ORGANIZATION

Naval Ocean Research and Development Activity

6¢. ADDRESS (City, State, and ZIP Code)

Ocean Acoustics and Technology Directorate
Stennis Space Center, Mississippi 39529-5004

7b. ADDRESS (City, State, and ZIP Code)

Ocean Acoustics and Technology Directorate
Stennis Space Center, Mississippi 39529-5004

8b. OFFICE SYMBOL
(If applicabie)

8a NAME OF FUNDING/SPONSORING ORGANIZATION

AEAS, ONRDET*
CNR/ONT"*

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

8c ADDRESS (City. State, and ZIP Coae)

10. SOURCE OF FUNDING NOS

*Stennis Space Center, Mississippi 39529-5004 aviaviy PROVECT T WORKUNT
**Arlington, Virginia 22217~5000 -62435N 13811 g0 -Dnizse030
**63785N **0120 °* * *DN258055

11, TITLE fInclude Security Classification)

Proceedings of the Very Low Frequency (VLF) Ambient Noise Workshop: 20-21 September 1988

12. PERSONAL ALITHOR(S)

R. A. Wagstaff, M. R. Bradiey," L. A. Jugan*

13a. TYPE OF REPORT 136, TIME COVERED
Final From To

14 DATE OF REPORT (Yr., Mo., Day) 15. PAGE COUNT

December 1988 643

16 SUPPLEMENTARY NOTATION

*Planning Systems Incorporated, Slidell, Louisiana 70458

17 COSATI CODES
FIELD GROUP

SUB GR

18 SUBJECT TERMS (Continue on reverse it necessary and identify by biock number)

surtass, VLF, ambient noise, towed array,
beam noise, acoustic processing

19 ABSTRACT (Continue on reverse if necessary and igentify by biock number)

A workshop on Very Low Frequency (VLF) Ambient Noise sponsored by the High Gain Initiative (HGI)
Program and the ASW Environmental Acoustics Support (AEAS) Program was held at the Stennis Space
Center on 20-21 September 1988. The workshop was hosted by the Naval Ocean Research and
Development Activity (NORDA). The unclassified presentations made at the workshop are presented
here; classified presentations can be found in a companion document. The purpose of the workshop
was to assess existing ambient noise measurements and t¢ determine the feasibility of reprocessing
some of these data for application to HGI objectives.

20 DISTRIBUTION/AVAILABILITY OF ABSTRACT

21. ABSTRACT SECURITY CLASSIFICATICM

UNCLASSIFIED/UNLIMITED — SAME AS APT I DTIC USERS T Unclassified
228. NAME OF RESPC'ISIBLE INDIVIDUAL 220 TELEPHONE NUMBER (inciude Area Code) 22c OFFICE SYMSOL
R. A. Wagstaff (601) 688-4751 Code 245
- R
DD FORM 1473, 83 APR . EDITION OF 1 JAN 73 IS OBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE




